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The NA61/SHINE experiment aims to discover the Critical Point of strongly interacting matter
and study the properties of the onset of deconfinement. These goals are to be achieved by per-
forming a two-dimensional phase diagram (T-µB) scan by measurements of hadron production
properties in proton-proton, proton-nucleus and nucleus-nucleus interactions as a function of col-
lision energy and system size. Close to the Critical Point an increase of fluctuations is predicted.
This contribution presents preliminary results on transverse momentum and multiplicity fluctua-
tions expressed in terms of strongly intensive quantities from the Be+Be energy scan. The data are
fully corrected for contributions from non-target interactions. The Be+Be results are compared
with NA61/SHINE measurements from the p+p energy scan, with NA49 results from central
Pb+Pb collisions as well as with model predictions.
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1. Introduction and motivation
NA61/SHINE [1] is a fixed-target experiment located at the Super Proton Synchrotron (SPS)
in the North Area at CERN. It measures hadron production in proton-proton, proton-nucleus and
nucleus-nucleus collisions at various beam momenta (13A – 158A GeV/c).
The main goal of the experiment is to discover the Critical Point of strongly interacting matter
and study the properties of the onset of deconfinement.
One of the tools for studying the phase transition region and search for the Critical Point (CP)
is the analysis of event-by-event fluctuations of multiplicity and kinematic characteristics. These
fluctuations and correlations may serve as a signature of the onset of deconfinement (close to the
phase transition the Equation of State changes rapidly which can impact the energy dependence of
fluctuations) and can help to locate the CP of strongly interacting matter.
The NA49 collaboration [2] has studied proton-proton and nucleus-nucleus collisions. In their
system-size scan with p, C, Si and Pb beams at 158A GeV/c [3] an increase of fluctuations for
medium-size systems, consistent with CP predictions [4] has been observed.
NA61/SHINE is performing a systematic two-dimensional scan of the phase diagram (Fig. 1)
in which the CP (if it exists) is expected to show up as a hill-like structure in the energy-system
size dependence of fluctuations.
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Figure 1: NA61/SHINE data taking plan. Each data set is marked as a point on the T −µB phase diagram of
strongly interacting matter. Fitted (NA49 - blue squares) and predicted (NA61/SHINE - gray/green circles)
chemical freeze-out points based on [5].
2. The analysis
Four data sets of 7Be+ 9Be collisions recorded by NA61/SHINE in 2011 and the winter
2012/13 have been analyzed. Statistics are shown in Table 1.
A number of selection criteria were used to ensure good quality inelastic Be+Be collisions pro-
duced by a well-defined beam particle without other beam particles close in time. Reconstructed
particles must originate from a well reconstructed main vertex and leave sufficient numbers of
points inside the TPCs. Electrons and positrons were excluded. The analysis was limited to parti-
cles with transverse momentum less than 1.5 GeV/c.
Centrality was determined from the energy deposited in the NA61/SHINE forward calorimeter
– the Particle Spectator Detector (PSD) (see E.Kaptur, this proceedings).
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Table 1: Number of analyzed Be+Be interactions before and after quality cuts.
pbeam
√
sNN target inserted target removed
[GeV/c] [GeV] all selected all selected
20 6.27 3.2 M 1.2 M 305 k 2.5 k
40 8.73 3 M 0.9 M 319 k 1.8 k
75 11.94 4.2 M 1.2 M 433 k 2.4 k
150 16.83 2.5 M 0.9 M 283 k 2.4 k
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Figure 2: Distribution of accepted particles in center-of-mass rapidity (top) and azimuthal angle (bottom)
as a function of transverse momentum for Be+Be collisions at minimum (20A GeV/c, left) and maximum
(150A GeV/c, right) beam momentum.
The fluctuation results are corrected for contributions from non-target interactions. For this
purpose NA61/SHINE acquired data with both target inserted and removed. Then the contribution
from non-target interactions is subtracted in the analysis.
Corrections for detector effects and trigger bias are estimated to be small but still under inves-
tigation.
3. Fluctuation Measures
As fluctuations in high-energy heavy-ion collisions may have different sources, it is important
to select the fluctuations of interest. Despite a good PSD performance, it is impossible to determine
exactly volume of the created matter on an event-by-event basis. However, it is possible to con-
struct fluctuation measures which do not depend on volume and its fluctuations (strongly intensive
measures) in statistical models in the grand canonical ensamble (GCE).
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3.1 Scaled variance
The most natural way to describe fluctuations of the quantity A is to measure the variance of
its distribution. This is an extensive quantity, i.e. proportional to the system size. However, the
ratio of two extensive variables is independent of system size (intensive measure). So the scaled
variance
ω[A] =
Var(A)
〈A〉 (3.1)
does not depend on the average volume, but it depends on volume fluctuations.
The scaled variance is a measure of multiplicity fluctuations used extensively in the past and
also studied by NA61/SHINE.
3.2 Strongly intensive measures
It is possible to define a combination of scaled variances of two quantities, A and B, in such a
way, that their dependence on average volume and volume fluctuations cancels out. Such a measure
is called strongly intensive.
There are two families of strongly intensive fluctuation measures [6]:
∆[A,B] = 1C∆
[
〈B〉ω[A]−〈A〉ω[B]
]
(3.2)
Σ[A,B] = 1CΣ
[
〈B〉ω[A]+ 〈A〉ω[B]−2(〈AB〉−〈A〉〈B〉)] (3.3)
In case of transverse momentum fluctuations:
A = PT =
N
∑
i=1
pTi , B = N, C∆ =CΣ = 〈N〉ω[pT ].
They are both equal to 0 if there are no fluctuations and they are both equal to 1 for the Inde-
pendent Particle Model [7]. However, there is one important difference between the two measures
– Σ[PT ,N] contains a correlation term, 〈AB〉.
To compare with published NA49 data, the strongly intensive ΦpT measure [8] is used:
ΦpT =
√
pTω[pT ]
[√
Σ[PT ,N]−1
]
, (3.4)
4. Results
Figure 3 presents results for the scaled variance of the multiplicity distribution from Be+Be
collisions for four energies, compared with measurements of NA61/SHINE from the energy scan
of inelastic p+p interactions. ω increases with energy – probably due to KNO scaling (variance of
the multiplicity distribution increases faster than its mean). Larger values for Be+Be than for p+p
collisions are probably due to volume fluctuations because ω is not a strongly intensive measure.
Figure 4 shows results for transverse momentum fluctuations measured by the strongly inten-
sive measures ∆[PT ,N], Σ[PT ,N] and ΦpT for Be+Be interactions of several collision centralities
and energies. They are compared with measurements of NA61/SHINE from the energy scan of
inelastic p+p interactions.
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Figure 3: Scaled variance of the multiplicity distribution for Be+Be collisions of several collision centralities
and energies compared with the correcponding results from the energy scan with inelastic p+p interactions.
Transverse momentum fluctuations in Be+Be and p+p interactions show no structures which
could be related to the CP. Be+Be results are close to those from inelastic p+p reactions. The
weak dependence on centrality in Be+Be shows that the fluctuations do not depend on the collision
volume. The difference between ∆[PT ,N] and Σ[PT ,N]might be due to Bose-Einstein and/or PT−N
correlations [9].
4.1 Comparison with NA49
As it is impossible to correct fluctuations for the acceptance, additional cuts were applied to
compare NA61/SHINE results on ΦpT with the published NA49 measurements at 158A GeV/c
beam energy. The NA49 analysis was limited to the forward rapidity region (1.1 < ypi < 2.6)
since the high density of tracks did not allow reliable measurements in the mid-rapidity region.
Moreover, a common azimuthal angle acceptance was used for all systems.
The comparison is shown in Fig. 5. Results of NA61/SHINE from p+p interactions agree with
corresponding measurements from NA49. Also the result for Be+Be collisions is consistent with
the system size dependence suggested by NA49.
The ongoing Ar+Sc energy scan is expected to give more insight into the existence and location
of the CP.
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Figure 4: ∆[PT ,N], Σ[PT ,N] and ΦpT for Be+Be collisions of several collision centralities and energies
compared with the correcponding results from the energy scan with inelastic p+p interactions.
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Figure 5: System size (Tchem) dependence of transverse momentum fluctuations at 158A GeV/c (150A GeV/c
for Be+Be). NA61/SHINE results (p+p, central Be+Be) are compared to NA49 data (p+p, semi-central C+C,
semi-central Si+Si, central Pb+Pb) in the same NA49 acceptance (see [3]).
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